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INTRODUCTION 


In  1947,  with  the  formation  of  the  US  Air  Force  as  a  separate  branch  of 
service,  US  Army  aviation  relinquished  most  of  its  hi gh-al titu'ie  capabil¬ 
ities,  requirements,  and  aircraft,  resulting  in  a  role  of  reduced  Importance 
for  oxygen  delivery  systems  In  the  Army  aviation  environment.  Today,  however, 
there  are  increased  mission  requirements,  both  training  and  operational,  which 
dictate  routine  flights  In  certain  aircraft  to  altitudes  as  high  as  7,620 
meters  (25,000  feet)  In  an  unpressurized  cabin.  As  a  result,  oxygen  systems 
are  again  a  critical  part  of  US  Army  aircraft  life  support  systems.  Cur¬ 
rently,  US  Army  aviation  oxygen  needs  are  satisfied  only  partially  by 
continuous  flow  and  diluter  demand  gaseous  oxygen  systems  due  to  space, 
weight,  and  logistical  limits.  Additionally,  the  effectiveness  of  these 
systems  is  compromised  by  several  factors.  The  amount  of  oxygen  available 
during  a  given  flight  is  limited  by  the  number  of  high-pressure  cylinders 
carried  on  board  the  aircraft.  Carrying  extra  cylinders  results  in  a  weight 
and  space  penalty  which  reduces  operational  aircraft  capability.  Gaseous 
systems  require  frequent  refilling  which  prolongs  aircraft  turnaround  time. 
-There  also  are  high  risk  safety  hazards  associated  with  the  storage,  servicing, 
and  use  of  high  pressure  gaseous  oxygen  systems;  and  logistical  servicing 
facilities  are  not  normally  available  at  remote  locations. 

The  logistical  problems  associated  with  using  high  pressure  gaseous  oxygen 
systems  have  encouraged  the  development  of  molecular  sieve  oxygen  concentra¬ 
tion  systems  for  use  cn  board  aircraft.  The  US  Army,  Navy,  and  Air  Force 
are  studying  the  applicability  of  these  systems  for  use  on  high  performance 
jet  aircraft,  turbopropeller  aircraft,  and  turbine-powered  helicopters 
(Ernsting  et  al . ,  1980;  Knox  et  al.,  1981;  Miller  et  al . ,  1980;  and  Pettyjohn 
.  et  al.,  1977). 

A  typical  concentrator  contains  two  cannisters  or  "beds”  filled  with  a 
synthetic  zeolite  molecular  sieve  material  of  five  Angstrom  pore  size. 

These  two  beds  are  pressurized  alternately  with  bleed  air  diverted  from  the 
compressor  stage  of  the  turbine  engine.  During  pressurization,  oxygen  in  the 
bleed  air  is  separated  from  nitrogen  and  then  vented  through  the  output  port. 
Nitrogen  Is  trapped  In  the  zeolite  molecular  sieve  material.  The  bed  then  is 
depressurized  to  the  atmosphere  as  a  nitrogen  exhaust  purge  which  completes 
the  unit's  "pressure  swing  cycle."  During  this  phase  of  the  cycle,  some  of 
the  concentrated  oxygen  from  the  pressurized  bed  is  bled  in  the  reverse  di¬ 
rection  through  the  depressurized  bed  to  assist  in  the  nitrogen  purge.  Thus, 
when  one  bed  is  concentrating  oxygen,  the  other  is  being  purged  of  nitrogen. 

A  rotary  valve  directs  the  flow  of  bleed  air  and  also  controls  the  flow  of 
oxygen-enriched  air  and  nitrogen  purge.  The  valve  is  actuated  by  a  28-volt  DC 
motor  that  is  powered  by  the  aircraft  electrical  system.  A  block  diagram  of 
this  process  is  shown  as  Figure  1.  This  report  summarizes  the  in-flight  static 
performance  characteristics  of  two  such  oxygen  concentrators  installed  in  a 
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JU-21G  fixed-wing,  twin-engine,  turbopropeller  aircraft  (Figure  2)  and  a  JUH-1H 
turbine-powered  helicopter  (Figure  3).  Such  an  effort  is  a  necessary  first 
step  for  evaluation  of  candidate  systems  within  the  range  of  physiological  re¬ 
quirements. 


METHOD 


APPARATUS 

Two  oxygen  concentrators  were  tested,  one  manufactured  by  the  Garrett 
Corporation*  and  the  other  by  the  Bendix  Corporation*  (Figure  4).  Each  unit 
occupies  approximately  one  cubic  foot  and  operates  by  basically  the  same 
method. 

In  the  JU-21G,  instrumentation  for  ' n-f 1 i ght  testing  and  data  collection 
was  installed  in  a  specially-built  test  stand  (Figure  5).  Bleed  air  from  the 
right  engine  at  15  to  55  pounds  per  square  inch  gauge  (psig)  was  fed  into 
the  test  stand  through  a  15.78mm  (5/8-1nch)  internal  diameter  (ID)  oxygen  line. 
A  4.5-liter  plenum  chamber  was  installed  to  facilitate  instrumentation  and 
dampen  pressure  fluctuations  caused  by  the  pressure  swing  of  the  molecular 
sieve  concentrator.  Inlet  bleed  air  pressure  was  measured  by  a  Validyne 
differential  pressure  transducer*  and  a  Harris  sight  gauge.*  Temperature  was 
measured  with  a  Cole-Palmer  digital  thermometer*  before  the  air  was  directed 
from  the  plenum  chamber  through  the  oxygen  concentrator.  The  oxygen-enriched 
air  (product  gas)  exited  the  concentrator  and  passed  into  a  second  4.5-liter 
plenum  chamber  where  the  outlet  pressure  and  temperature  again  were  monitored 
and  recorded  using  another  Validyne  differential  pressure  transducer,  Harris 
sight  gauge,  and  Cole-Palmer  digital  thermometer.  Upon  exiting  the  outlet 
plenum,  the  product  gas  was  fed  through  a  9.5mm  (3/8-inch)  ID  oxygen  line  to 
a  Technology,  Incorporated  mass  flow  meter.*  A  shutoff  valve,  in  conjunction 
with  a  Fischer-Porter  rotameter*,  was  used  to  set  various  flows.  Oxygen  con¬ 
centration  was  measured  using  a  fast  response  Beckman  OM-14  oxygen  analyzer* 
equipped  with  an  altitude  sensor.  A  Wallace  and  Tlernan  barometer*  was  used 
to  measure  ambient  barometric  pressures.  Standard  aircraft  instrumentation  was 
used  for  torque,  engine  temperature,  airspeed,  and  altitude  measurements. 
Calibration  of  instrumentation  was  maintained  on  a  flight-by-flight  basis  at 
both  ground  level  and  at  the  various  sampling  altitudes. 

The  same  instrumentation  package  was  used  for  testing  in  the  JUH-1H  with 
the  only  difference  being  a  slight  modification  of  the  test  stand  to  allow  for 
proper  securing  of  the  stand  to  the  helicopter's  cargo  attachment  points. 


indicates  product  manufacturer  listed  in  Appendix  A. 
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PROCEDURE 


In  the  JU-21G,  five  separate  flights  at  altitudes  of  1,524,  3,048,  4,572, 
6,096,  and  7,620  meters  (5,000,  10,000  15,000,  20,000,  and  25,000  feet)  were 
conducted  with  each  oxygen  concentration  unit.  Four  different  flows  of  15, 

25,  35,  and  70  liters  per  minute  were  chosen  to  represent  normal  breathing 
requirements  for  one-  and  two-man  crews.  Data  were  recorded  for  each  flow  at 
all  altitudes  and  at  both  minimum  and  maximum  engine  power  settings.  Minimum 
power  was  defined  as  the  power  required  to  fly  at  130  knots  indicated  airspeed 
(IAS)  while  maximum  power  was  defined  as  208  knots  IAS  with  Interstage  Turbine 
Temperature  (ITT)  not  to  exceed  705°C.  At  these  power  settings,  the  Inlet 
bleed  air  pressures  at  the  oxygen  concentrator  were  consistently  In  the  range 
of  28  to  55  pslg  and  oxygen-enriched  air  outlet  pressure  ranged  from  22  to  28 
pslg,  which  Is  well  within  the  limits  of  the  low  pressure  oxygen  regulators 
designed  for  use  with  molecular  sieve  oxygen  concentration  units.  In  the 
JUH-1H,  five  separate  flights  at  altitudes  of  1  ,524,  3,048,  and  4,572  meters 
(5,000,  10,000,  and  15,000  feet)  were  conducted  with  each  oxygen  concentration 
unit.  Flow  rates  were  the  same  as  In  the  JU-21G,  and  the  engine  power  setting 
was  constant  over  the  entire  flight  test  period. 


RESULTS 


Oxygen  concentrations  and  other  system  considerations  for  the  JU-21G 
flights  are  shown  for  the  Bendix  unit  In  Table  1  and  for  the  Garrett  unit  in 
Table  2.  Oxygen  concentration  and  system  data  for  the  JUH-1H  flights  are 
shown  In  Table  3  for  the  Bendix  unit  and  In  Table  4  for  the  Garrett  unit. 
Generally,  with  both  units,  oxygen  concentration  decreased  with  Increased 
flow  and  Increased  with  higher  altitude.  In  the  JU-21G,  oxygen  concentration 
generally  decreased  with  the  higher  engine  power  setting.  However,  with  the 
Bendix  unit,  this  condition  was  reversed  In  some  instances.  In  all  cases,  as 
shown  In  Figures  6  through  11,  oxygen  concentration  met  or  exceeded  the  re¬ 
quirements  (Indicated  by  the  stippled  area)  of  MIL-R-83178. 

Data  first  recorded  upon  reaching  a  new  altitude  (low  flows,  Figures  6-9) 
often  showed  overlap  where  It  was  supposed  there  should  be  none.  A  careful 
review  of  data  collection  procedures  revealed  that  it  usually  took  4  to  6 
minutes  for  the  system  to  stabilize  and  be  repeatable.  In  order  to  test  the 
working  hypothesis  that  the  Initial  readings  In  Figures  6  through  9  were  taken 
prior  to  system  equilibrium,  data  were  recorded  during  three  additional  flights 
In  the  JU-21G  at  each  altitude,  allowing  more  time  between  flow  changes  and 
altitude  changes  for  the  system  to  stabilize.  The  data  for  the  Garrett  unit 
Is  presented  In  Table  5  and  Figures  12  and  13  for  these  additional  flights. 

Two  low-altitude  flights  were  made  with  the  Bendix  unit  when  the  aircraft 
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FIGURE  6.  Oxygen  concentration  vs.  altitude  in  JU-21G 
(Bendlx  unit,  minimum  power).  Stippled  area  indicates 
oxygen  requirements  of  MIL-R-83178.  Bars  indicate 
standard  deviation  at  each  data  point. 


%  OXYGEN 


1001 


2 Or 


MIL  R  83178 


J. 


-L 


Meters  2 


F««t  5 


4 


6 


10 


¥ 


15  20  25 

ALTITUDE  {Thousands) 


30 


35 


FIGURE  7.  Oxygen  concentration  vs.  altitude  in  JlJ-313 
(Bendix  unit,  maximum  power).  Stippled  area  indicates 
oxygen  requirements  of  MI L-R -331 78 .  Bars  indicate 
standard  deviation  at  each  data  point. 
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FIGURE  8.  Oxygen  concentration  vs.  altitude  in  JU-21G 
(Garrett  unit,  minimum  power).  Stippled  area  indicates 
oxygen  requirements  of  MIL-R-83178.  Bars  indicate 
standard  deviation  at  each  data  point. 
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FIGURE  9.  Oxygen  concentration  vs.  altitude  in  JU-21 G 
(Garrett  unit,  maximum  power).  Stippled  area  indicates 
oxygen  requirements  of  MIl-R-83178.  Bars  indicate 
standard  deviation  at  each  data  point. 
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FIGURE  10.  Oxygen  concentration  vs.  altitude  in  JUH-1H  (Bendix  unit). 
Stippled  area  indicates  oxygen  requirements  of  MIL-R-831 78 .  Bars 
Indicate  standard  deviation  at  each  data  point. 
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FIGURE  11.  Oxygen  concentration  vs.  altitude  in  JUU-1H  (Garrett  unit). 
Stippled  area  Indicates  oxygen  requirements  of  MIL-R-831 78.  Bars 
Indicate  standard  deviation  at  each  data  point. 
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suffered  a  lightning  strike.  The  aircraft  main  electrical  inverters  malfunc¬ 
tioned  and  the  motor  in  the  Bendix  On-Board  Oxygen  Generating  System  (OBOGS) 
unit  would  not  operate  in  the  laboratory  after  the  flight.  The  unit  is  being 
repaired.  No  additional  data  for  the  Bendix  unit  is  reported. 

Other  aircraft  flight  parameters  which  were  recorded,  but  not  included  in 
this  report  were  engine  torque  and  ITT  or  exhaust  gas  temperature.  There  was 
no  noticeable  difference  in  the  instrumentation  readings  nor  could  the  pilots 
''feel"  when  the  concentrators  were  being  driven  by  bleed  air. 


DISCUSSION 


Static  testing  of  the  molecular  sieve  concept  of  onboard  oxygen  concen¬ 
tration  systems  for  the  Army  aircraft  is  a  necessary  first  step  to  insure  their 
physiological  adequacy.  Although  each  unit  met  or  exceeded  the  requirements 
of  M I L-R-831 78 ,  the  results  obtained  in  the  JUH-1H  helicopter  differed  from 
those  obtained  in  the  JU-21G  fixed-wing  aircraft.  A  comparison  of  these 
results  shows  that  the  Garrett  unit  performed  similarly  in  both  aircraft  when 
the  JU-21G  was  at  maximum  power.  The  Bendix  unit,  however,  in  some  instances, 
produced  a  lower  oxygen  concentration  in  the  JUH-1H  than  in  the  JU-21G.  A 
comparison  of  these  data  with  the  data  in  Table  1  of  Ernsting  et  al .  (1980) 
reveals  that  operation  of  these  units  in  flight  produces  oxygen  concentrations 
slightly  hiqhar  with  the  Garrett  unit  and  slightly  lower  with  the  Bendix  unit 
than  the  respective  values  obtained  during  tests  in  the  hypobarlc  chamber. 

The  oxygen  concentration  process  of  the  molecular  sieve  depends  on  many 
factors  including  flow,  inlet  temperature,  inlet  pressure,  and  the  pressure 
differential  across  the  molecular  sieve  bed.  Additionally,  although  the  cause 
has  not  been  definitely  determined,  the  resistance  of  the  nitrogen  exhaust 
purge  hose  seems  to  be  a  factor  and  attention  should  be  directed  to  the  design 
of  an  exhaust  port  to  maximize  oxygen  concentration.  The  differences  in 
oxygen  concentration  reported  here  and  those  reported  by  Ernsting  are  probably 
a  result  of  differences  in  all  of  these  factors.  One  notable  difference  in 
test  procedures  was  our  use  of  heated  engine  bleed  air  instead  of  unheated 
laboratory  instrument  air  as  used  in  Ernsting's  hypobarlc  chamber  tests.  Both 
units  have  internal  pressure  regulators  which  limit,  the  inlet  pressure  to 
between  25  and  28  psig.  This  effectively  eliminates  the  effect  of  bleed  air 
pressure  changes  that  might  result  from  differing  engine  power  settings  since 
even  minimum  engine  power  settings  produce  bleed  air  pressure  in  excess  of  25 
psig. 

The  use  of  engine  bleed  air  to  drive  the  oxygen  concentrators  produced  no 
noticeable  effect  on  aircraft  performance. 

During  the  upcoming  toxicology  phase  of  this  project,  in  which  tests 
will  be  conducted  to  determine  whether  or  not  any  harmful  substances  from 


bleed  air  exhaust  are  passed  through  the  molecular  sieve,  the  noted  varia¬ 
bles  will  be  studied  more  closely  and  an  attempt  will  be  made  to  optimize 
them  for  maximum  oxygen  production. 

The  results  In  Table  5  and  Figures  12  and  13  confirm  the  hypothesis  that 
some  early  readings  were  taken  prior  to  system  equilibrium.  This  means  that 
the  first  set  of  data  Is  slightly  more  conservative  In  stating  oxygen  output 
at  low  flows  and  at  the  lower  altitudes. 

The  primary  objective  of  the  study  was  to  assess  the  physiological  ade¬ 
quacy  of  these  molecular  sieve  oxygen  concentration  units  In  order  to  qualify 
hem  for  human  use  so  that  dynamic-human  Interface  can  be  studied  In  flight. 
The  results  obtained  Indicate  that  both  units  generate  enough  oxygen  to  sup¬ 
port  two  human  subjects  In  a  dynamic  breathing  study.  There  Is  a  possibility 
that  two  aviators  under  high  workload  conditions  (e.g.  Night  NOE  with  NVG) 
would  require  minute  volumes  greater  than  these  systems  can  produce. 


CONCLUSIONS 


Oxygen  production  by  each  of  the  molecular  sieve  oxygen  concentrators 
studied  met  or  exceeded  the  requrements  of  MIL-R-83178  at  all  flows  and 
altitudes.  Both  units  have  shown  themselves  capable  of  producing  the  oxygen 
required  at  normal  minute  volumes  for  a  one-  or  two-man  crew  on  the  0UH-1H  and 
JU-21G  aircraft.  However,  In  cases  where  no  air  mix  Is  allowed  and  the  aviators 
are  under  high  stress.  It  would  be  possible  for  two  aviators  to  attempt  to  over 
breathe  the  system.  Prior  to  initial  human  Interface  studies,  however.  It  will 
be  necessary  to  complete  product  gas  toxicology  tests  to  Insure  that  contami¬ 
nants  from  aircraft  engine  bleed  ulr  are  not  passed  through  the  concentrators 
In  harmful  amounts. 


FIGURE  12.  Garrett  Minimum  Power  -  JU-21G.  (Supplemental  Data) 
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APPENDIX  A 


EQUIPMENT  AND  MANUFACTURER  LIST 


EQUIPMENT  AND  MANUFACTURER  LIST 


Molecular  Sieve  Oxygen  Generator 
Model  2202490-1-1 
Serial  #49-Rl 

A1 Research  Mfg  Co.  of  California 
Garrett  Corporation 

Valldyne  Differential  Pressure 
Transducer 

1914  Londelius  Street 
Northridge,  California  91324 

Technology  Incorporated,  Mass 
Flow  Meter 
Dayton,  Ohio  45431 

Harris  Pressure  Gauge 
Melbourne,  Florida  32901 

Wallace  and  Tiernan  Barometer 
Belleville,  New  Jersey  07109 

Molecular  Sieve  Oxygen  Concentrator 
Model  99251-3261009-0105 
Serial  #90801  5E 

*8end1x  Instruments  and  Life  Support 
Division 

Davenport,  Iowa  52802 

Beckman  0M-14  Oxygen  Analyzer 
2500  Harbor  Boulevard 
Fullerton,  California  92634 

Cole-Palmer  Digital  Thermometer 
Chicago,  Illinois  60648 

Flscher-Porter  Rotameter 
Warminister,  Pennsylvania  18974 


*Now  known  as  Clifton  Precision 
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21005 

US  Army  Material  Systems 
Analysis  Agency 
ATTN:  Reports  Dist 
Aberdeen  Proving  Ground,  MD 
21005 

US  Army  Ordnance  Center 
and  School 
Library,  Bldg  3071 
ATTN:  ATSL-DOSL 
Aberdeen  Proving  Ground,  MD 
21005 

Director 

Ballistics  Research  Lab 
ATTN:  DRDAR-TSB-C  (STINF0) 
Aberdeen  Proving  Ground,  MD 
21005 

US  Army  Environmental  Hygiene 
Agency  Library,  Bldg  E2100 
Aberdeen  Proving  Ground,  MD 
21010 


Commander 

US  Army  Med  Rsch  Institute 
of  Chemical  Defense 
Aberdeen  Proving  Ground,  MD 
21010 

Technical  Library 

Chemical  Systems  Laboratory 

Aberdeen  Proving  Ground,  MD  21010 

Commander 

US  Army  Medical  R  &  D  Command 
ATTN:  SGRD-RMS  (Mrs.  Madigan) 

Fort  Hetrick 
Frederick,  MD  21701 

Commander 

US  Army  Med  Rsch  Institute 
of  Infectious  Diseases 
Fort  Detrick 
Frederick,  MD  21701 

Commander 

US  Army  Med  Bioengineering 
R  &  D  Laboratory 
Fort  Detrick 
Frederick,  MD  21701 

Dir  of  Biol  &  Med  Sciences  Div 
Office  of  Naval  Research 
800  N.  Quincy  Street 
Arlington,  VA  22217 

Defense  Technical 
Information  Center 
Cameron  Station,  VA  22314 

US  Army  Materiel  Development  & 
Readiness  Command 
ATTN:  DRCSG 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 


US  Army  Foreign  Science  & 
Technology  Center 
ATTN:  DRXST-ISl 
220  7th  Street,  NE 
Charlottesville,  VA  22901 
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Commander 

US  Army  Transportation  School 
ATTN:  ATSP-TD-ST 
Fort  Eustis,  VA  23604 

Commander 

US  Army  Airraobility  Laboratory 

aTTN:  Library 

Fort  Eustis,  VA  23604 

US  Army  Training  and 
Doctrine  Command 
ATTN:  ATCD 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  and 
Doctrine  Command 
ATTN:  Surgeon 

Fort  Monroe,  VA  23651 

US  Army  Research  and 
Technology  Laboratory 
Structures  Laboratory  Library 
NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

US  Navy 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

US  Air  Force 

Armament  Development  and 
Test  Center 

Eglin  Air  Force  Base,  FL  32542 

Colonel  Stanley  C.  Knapp 

US  Central  Command 

CCSG  MacDill  AFB ,  FL  33608 

Redstone  Scientific  Information 
Center 
DRDMI-TBD 

US  Army  Missile  R  &  D  Command 
Redstone  Arsenal,  A L  35809 

Air  University  Library 
(AUL/LSE) 

Maxwell  AFB,  AL  36112 


Command a r 

US  Army  Aeromedical  Center 
Ft  Rucker,  AL  36362 

Commander 

US  Army  Avn  Center  & 

Fort  Rucker 
ATTN :  ATZQ-CDR 

Ft  Rucker,  AL  36362 

Director 

Directorate  of  Combat 
Developments 
Bldg  507 

Ft  Rucxer,  AL  36362 
Director 

Directorate  of  Training 
Development 
Bldg  502 

Ft  Rucker,  AL  36362 
Chief 

Army  Research  Institute 
Field  Unit 
Ft  Rucker,  AL  36362 

Commander 

US  Army  Safety  Center 
Ft  Rucker,  AL  36362 

Commander 

US  Army  Aviation  Center 
1 1  Fort  Rucker 
ATTN:  ATZQ-T-ATL 

Ft  Rucker,  AL  36362 

Commander 
US  Army  Aircraft 

Development  Test  Activity 
ATTN:  STEBG-KP-QA 
Cairns  AAF 
Ft  Rucker,  AL  36362 

President 

US  Army  Aviation  Board 
Cairns  AAF 
Ft  Rucker,  AL  36362 

Canadian  Army  Liaison  Officer 
Bldg  602 

Ft  Rucker,  AL  36362 
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j  Netherlands  Army  Liaison  Office 

i  Bldg  602 

1  Ft  Rucker,  AL  36362 

German  Army  Liaison  Office 
Bldg  602 

Ft  Rucker,  AL  36362 

t 

i  British  Army  Liaison  Office 

Bldg  602 

— - —Ft  Rucker,  AL  36362. 

) 

•j  French  Army  Liaison  Office 

J  Bldg  602 

Ft  Rucker,  AL  36362 

US  Army  Research  and 
Technology  Labs 
Propulsion  Laboratory  MS  77-5 
NASA  Levis  Research  Center 
Cleveland,  OH  44135 

Human  Engineering  Division 
Air  Force  Aerospace  Medical 
Research  Laboratory 
ATTN :  Technical  Librarian 
Wright  Patterson  AFB,  OH 
45433 
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US  Air  Force  Institute  of 
Technology  (AFIT/LDE) 

Bldg  640,  Area  B 
Wright-Patterson  AFB,  OH  45433 

John  A.  Dellinger,  MS,  ATP 
Univ  of  Ill  -  Wiliard  Airport 
Savoy,  IL  61874 

Henry  L.  Taylor 
Director 

Institute  of  Aviation 

Univ  of  Ill  -  Willard  Airport 

Savoy,  IL  61874 

Commander 

US  Army  Troop  Support  and 

Aviation  Material  Readiness  Cmd 
ATTN:  DRSTS-W 
St  Louis,  MO  63102 


Commander 

US  Army  Aviation  Systems  Command  (Prov) 
ATTN:  SGRD-UAX-AL  (Maj  Lacy) 

Bldg  105 

4300  Goodfellow  Boulevard 
St  Louis,  M0  63166 

Commander 

US  Army  Aviation  Systems  Command  (Prov) 
ATTN:  DRDAV-E 
4300  Goodfellow  Blvd 
St  Louis,  M0  63166 

Commander 

US  Army  Aviation  Systems  Command  (Prov) 
ATTN:  Library 
4300  Goodfellow  Blvd 
St  Louis,  MO  63166 

Commanding  Officer 

Naval  Biodynamics  Laboratory 

P0  Box  24907 

Mlchoud  Station 

New  Orleans,  LA  70129 

Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
ATTN:  Library 
Box  25082 

Oklahoma  City,  OK  73125 

US  Army  Field  Artillery  School 
ATTN:  Library 
Snow  Hall ,  Room  14 
Fort  Sill,  OK  73503 

Commander 

US  Army  Academy  of  Health  Sciences 

ATTN:  Library 

Ft  Sam  Houston,  TX  78234 

Commander 

US  Army  Health  Services  Command 

ATTN:  Library 

Ft  Sam  Houston,  TX  78234 

Commander 

US  Army  Institute  of 
Surgical  Research 
Ft  Sam  Houston,  TX  78234 
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US  Air  Force 

Aerospace  Medical  Division 
School  of  Aerospace  Medicine 
Aeromedical  Library /TSK-4 
Brooks  AFB,  TX  78235 

US  Array 

Dugway  Proving  Ground 
Technical  Library 
Bldg  5330 
Dugway,  UT  84022 

Dr.  Diane  Demos 
Psychology  Department 
Arizona  State  University 
Tempe,  AZ  85287 

US  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 

US  Army  White  Sands  Missile  Range 
Technical  Library  Division 
White  Sands  Missile  Range 
New  Mexico,  88002 

US  Air  Force 
Flight  Teat  Center 
Technical  Library,  Stop  238 
Edwards  AFB,  CA  93523 

US  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  DAVTE-M  (Tech  Lib) 

Edwards  AFB ,  CA  93523 

US  Navy 

Naval  Weapons  Center 
Tech  Library  Division 
Code  2333 

China  Lake,  CA  93555 

US  Array  Combat  Developments 
Experimental  Command 
Technical  Library 
Hq,  USACDEC 
Box  22 

Ft  Ord,  CA  93941 

Aeromechanics  Laboratory 
US  Army  Rsch  &  Tech  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 


Commander 

Letterman  Army  Institute  of  Rsch 
ATTN:  Med  Rsch  Library 
Presidio  of  San  Francisco 
CA  94129 

Sixth  US  Army 
ATTN:  SMA 

Presidio  of  San  Francisco 
CA  94129 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 
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Col  G.  Stebblng 
OAO-AMLOUS  B 
Box  36,  US  Embassy 
FPO  New  York  09510 

Staff  Officer,  Aerospace  Medicine 
RAF  Staff  . 

British  Embassy 

3100  Massachusetts  Ave,  NW 

Washington,  DA  20008 

Department  of  Defence 
R.A.N.  Rsch  Laboratory 
P.0.  Box  706 

Darlinghurst ,  N.S.W.  2010 
Australia 

Canadian  Society  of  Avn  Med 
c/o  Acad  of  Med,  Toronto 
ATTN:  Ms  Carmen  King 
288  Bloor  Street  West 
Toronto,  Ontario 
M55  1V8 

Canadian  Air  Line  Pilot's  Assn 
MAJ  J.  Soutendam  (Ret) 

1300  Steeles  Ave  East 
Brampton,  Ontario,  Canada 
L6T  IA2 

Canadian  Forces  Med  Ln  Off 
Canadian  Defence  Ln  Staff 
2450  Massachusetts  Ave,  NW 
Washington,  DC  20008 

Commanding  Officer 
404  Maritime  Training  Squadron 
Canadian  Forces  Base  Greenwood 
Greenwood,  N.S.  BOP  IN0  Canada 
ATTN:  Aeromed  Tng  Unit 

Officer  Commanding 
School  of  Operational  and 
Aerospace  Medicine 
DCIEM 

P0  Box  2000 

1133  Sheppard  Avenue  West 
Downsview,  Ontario,  Canada 
M3M  3B9 


National  Defenc  Headquarters 
101  Colonel  By  i  rive 
Ottowa,  Ontario  Canada 
K1A  OK 2 
ATTN:  DPM 
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